SUMMARY Five patients presenting with sensory-motor disturbances consistent with a clinical diagnosis of L5 or SI radiculopathy were studied. All had conventional nerve conduction tests and electromyography. The lumbosacral roots were stimulated in the lumbosacral region by using the Cadwell MES-10 Magneto-electric stimulator. The compound muscle action potentials were recorded bilaterally by surface electrodes applied to the soleus and tibialis anterior muscles. The latencies to the affected muscles were significantly prolonged. The appropriate root dysfunction was confirmed at operation or by the imaging techniques. It was concluded that surface stimulation of the lumbosacral roots by a magnetic coil is a potentially useful technique for the non-invasive evaluation of the function of the lumbosacral roots.
A very common problem is low back pain caused by lumbosacral radiculopathy due to lumbar disc disease. Laboratory confirmation of the diagnosis is essential for satisfactory treatment. Electrodiagnosis (electromyography and nerve conduction study) has become a standard supplement to imaging techniques before surgical intervention. However, conventional nerve conduction study does not usually help in the diagnosis. Sometimes a prolonged H reflex latency on one side may suggest SI radiculopathy. Electromyography may be helpful but requires needle sampling of many muscles in the limbs, including the paraspinal muscles. The procedure is painful and time consuming. Yet even after such extensive testing the diagnosis may remain uncertain in some patients. Recording of compound muscle action potentials (CMAPs) in the tibialis anterior or soleus muscles after stimulatiion of the lumbosacral roots in the lower back, may evaluate motor conduction along L5 and SI roots. High voltage percutaneous direct electrical stimulation over the lumbosacral spinal column may be used to assess conduction in the cauda equina, 2 but this procedure produces discomfort to the subjects.
Recently, it has been possible to stimulate the human brain from the scalp with a magnetic coil,"5
and record consistent CMAPs from the hand and the leg muscles. Central motor conduction can be measured by the method. It is also possible to stimulate peripheral motor pathways such as the relatively inaccessible lumbosacral roots by surface stimulation with a magnetic coil. This approach has the great advantage of being relatively painless. We report the usefulness of such a technique in diagnosing lumbosacral radiculopathy.
Clinical material
Four patients presented with low back pain radiating to the thigh and one had left thigh pain radiating to the left leg. For 20 years patient I had suffered from partial complex seizures which had been controlled by diphenylhydantoin and carbamazepine. Patient 3 was diagnosed in the past to have olivopontocerebellar atrophy based on clinical and radiological findings. All patients had standard electrodiagnostic and neuroradiological tests. The diagnostic considerations consisted ofleft L5 radiculopathy in patient 1 ( fig 1) and right L5 radiculopathy in patient 3 due to lumbar disc lesion, right L5 and SI radiculopathy associated with lumbar spinal stenosis in patient 4, and left S1 radiculopathy due to left sacral plasmacytoma in patient 2. As seen in We noted a linear relationship between the strength of stimulation and the amplitude of the evoked CMAP. As the strength of stimulation was increased the amplitude was also increased until it became maximal and consistent. Chokroverty, Sachdeo, DiLullo, Duvoisin 3 were causally related to polyneuropathy in these two patients. However, when one compares the latencies to the affected muscles with those obtained from the unaffected muscles, it is clear that there was a sig- 
Magnetic stimulation in the diagnosis oflumbosacral radiculopathy nificant prolongation to the affected tibialis anterior muscles. There was also a significant difference in latencies between the affected and unaffected sides in both these patients after lumbosacral root stimulation indicating affection of L5 root on the left side in patient 1 and on the right side in patient 3. In the remaining patients there was also a marked difference in the latencies between the affected and unaffected sides. The most marked prolongation in the latency on the affected side was noted in patient 5. In addition, the amplitude of the CMAP was smaller in the affected than in the unaffected muscles particularly in patients 2 and 5 (table 2). Figures 2-4 represent samples from patients 1, 2 and 5.
The values in table 1 indicate dysfunction of the left L5 root in patient 1, the left SI root in patient 2, the right L5 root in patient 3, the right L5 and S1 roots in patient 4 and the left L5 and SI roots in patient 5.
Discussion
The usefulness of magnetic stimulation in the diagnosis of dysfunction of L5 and SI roots is shown in these five patients. The diagnosis was confirmed by other methods, radiological studies (cases 1-4), biopsy (case 2) or by operative findings (cases 1, 3 and 4). Whether MES is superior to other procedures in its ability to diagnose root lesion at an early stage when other techniques failed remains to be determined. If our findings are confirmed in a large number of patients with radiculopathy or plexopathy then at least we have a new, non-invasive, simple and painless technique to diagnose such lesions.
Noordhout et al' were able to stimulate lumbosacral roots in humans by percutaneous high voltage electrical stimulator over the lumbosacral spinal column. By using a magnetic coil stimulator we were able to produce consistent CMAP from L5 and S1 innervated muscles after surface stimulation of the lumbosacral roots over the lumbosacral vertebral column. This stimulation is relatively painless in contrast to the discomfort produced by high voltage, percutaneous, electrical stimulation over the lumbosacral spinal column. '2 One of the problems encountered was the lack of precision on the exact point of stimulation. It is thought that the induced current generated by the magnetic flux in the Cadwell coil is maximal in the region of the circumference of the coil from the inner edge to 2 cm toward the centre from the inner edge.7 Our previous data agree with this conclusion,8 while Evans9 could not locate the precise point of stimulation. We therefore measured the distance from the distal inner edge of the coil in the lumbosacral region to the active recording electrode on the appropriate muscle.
The difficulty of locating from the surface the exact site of stimulations of the L5 and SI roots and the lack of precision regarding the maximum site of stimulation are disadvantages of MES. We measured latency rather than conduction time or conduction velocity. Measurement ofconduction velocity requires stimulation at two separate points in the nerves or the roots and stimulation of the fast conducting fibres transmitting the impulses along the same nerve fibres to the appropriate muscles. We were unable to locate the roots with sufficient precision and measure the distances accurately between the sites of stimulation and the sites of recordings in the appropriate muscles to permit calculation ofconduction velocities. For these reasons measurement of the latency was more appropriate than the conduction velocity. The muscle responses, however, should be approximately similar in configuration, amplitude and latency between the two sides at the same diistance in normal individuals. Whether we obtained supramaximal CMAPs in the controls and the unaffected sides ofthe patients cannot be determined. As discussed in the Results the CMAP amplitudes in patients 2, 4 and 5 were normal after peripheral nerve stimulation. Therefore a considerable reduction ofCMAP amplitude after proximal stimulation of the lumbosacral roots may suggest conduction block at a proximal level. However, uncertainty about obtaining supramaximal CMAP consistently after lumbosacral root stimulation makes this a provisional suggestion.
We found that the magnetic coil must be positioned in the midline otherwise the CMAPs will differ in amplitude, configuration and latencies. Displacing the coil laterally by 2-6 cm produced a paradoxical response, that is, the response was normal in amplitude contralaterally but was considerably attenuated ipsilaterally.'0 The reasons offered by Cadwell" for this effect are as follows: no current flows through the centre of the coil. When the coil is moved to the right, then the centre of the coil is over the right lumbosacral roots (for example, L5 or SI roots) and the circumference of the coil is still over the left roots. The induced current is thus parallel to the left roots and effective. Similarly when the coil is moved to the left, the centre of the coil lies over the left roots and the edge of the coil is over the right roots. The induced current is now parallel to the roots on the right side and the current flows along the circumference over the right sided roots.
Despite imprecision on the exact point and site of stimulation our conclusions (based on this limited study) are that surface stimulation of the lumbosacral roots by a magnetic coil is a potentially useful technique for the non-invasive evaluation of the functions of the lumbosacral roots. It has great potential as a simple, relatively painless procedure for 772 diagnosis of lumbosacral radiculopathy or plexopathy.
